The role of vitamin D and asthma in pulmonary function changes showed conflicting result.
Introduction
Asthmatic patients who have low serum 25(OH)D have been shown to have airway hyperresponsiveness, impaired lung function, increased exacerbation and reduced corticosteroid responsiveness. [1] [2] [3] Nonetheless, the effect of vitamin D supplement in asthma patients showed inconsistent results. Some studies reported no beneficial effect of vitamin D supplement on level of asthma control and changes in spirometer parameters. 4, 5 A recent meta-analysis has demonstrated that vitamin D supplementation in mild to moderate asthma protected against severe asthma attacks. 6 A cross-sectional study in Thai asthmatic children reported no significant correlations between serum vitamin D and spirometer parameters. 7 The possible explanation for the inconsistent association of vitamin D status with pulmonary function may be that the assessment with spirometry was not sensitive enough to measure small airway change in asthma. 8 Recently, the Forced Oscillation Technique Asian Pac J Allergy Immunol DOI 10.12932/AP-010519-0553
Methods

Participants
Eligible participants were asthmatic children aged 3-18 years who had controlled asthma according to GINA guideline for a least 1 month. Diagnosis of asthma was made based on (FOT) has been introduced, it is a simple, noninvasive technique performed during tidal breathing that is easy to apply and less cooperate with the patient. FOT measures the respiratory system resistance and lung reactance. 9 FOT measurement was suggested to be more sensitive than spirometry in detecting subtle changes of lung function in children. 10 This study was aimed to evaluate changes in FOT parameters after vitamin D treatment in vitamin D deficiency asthmatic children compared with placebo. 
Study Design and Treatment
The study was a randomized, double-masked, parallel group trial (Figure 1) from March 2017 through March 2018. Children who met the inclusion criteria were collected demographic data, complete blood count, serum total 25(OH)D, skin prick test, and FOT parameters at baseline. Patients with vitamin D deficiency (VDD) defined as serum total 25(OH)D < 20 ng/ml were randomly assigned to either placebo or vitamin D2 (the British Dispensary (L.P.) Co., Ltd., Bangkok,
Effect of vitamin D on lung function assessed by forced oscillation technique in asthmatic children with vitamin D deficiency:
A randomized double-blind placebo-controlled trial (ALX), resonance frequency (Fres) and the percentage of the predicted (% predicted) of FOT values were recorded. Preand post-bronchodilator with 400 mcg of salbutamol inhalation were evaluated. Percentage of bronchodilator response (% BDR) was calculated from the difference absolute value obtained before and after salbutamol inhalation then divided by the absolute values before salbutamol inhalation and the result was multiplied by 100.
Serum total 25(OH)D
Fasting blood sample for serum total 25(OH) vitamin D levels blood samples were obtained during 6-8 am. Serum concentrations of 25(OH)D was analyzed by using a chemiluminescence immunoassay (LIASON® XL).
Statistical methods
Analysis was performed on all of the randomized patients who had both baseline and follow-up data and had continued the study medication. Since there is no previous report on the changes of FOT measures after treatment with vitamin D in asthmatic patients. The sample size was calculated from previous study on the effect of Vitamin D supplementation in asthma by assessing ATAQ score. 15 A sample size of 18 patients (the treatment arm) was expected to have a 90% power and a 2-sided alpha error of 0.01. Analysis was performed in patients who had completed 3 visits data. The changes in FOT parameter were analyzed using repeated-measures analysis of covariance models. Differences among groups in each visit were analyzed using analysis of covariance for continuous data and chi square test for categorical data. Data were analyzed by SPSS Ver 18.0. Statistical significance was considered at p value < 0.05. Thailand) as follow: body weight < 30 kg.: vitamin D2 300,000 IU divided in 5 days in the first visit then a maintenance dose of 20,000 IU every 2 weeks started at 1-month visit, body weight ≥ 30 kg: vitamin D2 600,000 IU divided in 5 days in the first visit then a maintenance dose of 20,000 IU every week started at 1-month visit. Children who had non-vitamin D deficiency (nVDD) patients defined as the serum total 25(OH)D ≥ 20 ng/ml received placebo as the control group. The definition of vitamin D deficiency (VDD) was based on Endocrine Society Practice Guideline on Vitamin D. 11 The placebo vitamin D soft gelatin capsules matched in appearance those containing vitamin D2 were obtained from the British Dispensary (L.P.) Co., Ltd, Bangkok, Thailand. Randomization was done using the box of four. Blinding was done by putting the code for each group. All investigators except for one research nurse (WJ) were blinded to the patient's vitamin D status and randomization. WJ was responsible for dispending vitamin D2 or placebo to the patients. FOT parameters and level of asthma control were recorded at baseline, 1-month and 3-month visit. Study protocol was shown in Figure 1A . The study was approved by the institutional ethics committee (Protocol number ID 01-60-09). Written informed consent was obtained from parents and children. This clinical trial was registered at Thai Clinical Trials Registry (No. TCTR20170422001).
Level of asthma control
Level of asthma control was evaluated by pediatric asthma control test (P-ACT) for patients aged 4-11 years 12 or the asthma control test (ACT) for patients aged 12-15 years. P-ACT/ ACT score ≥ 20 was defined as well controlled. 13, 14 
Forced Oscillation Technique Measurement
Forced Oscillation Technique was performed using Most-Graph-02 (Chest M.I., Co Ltd, Tokyo, Japan). Children were asked to breathe through a mouthpiece that incorporated to a bacterial filter. The regular tidal breathing was performed with a nose-clip while the technician supported the cheeks and lower jaw. During the measurement, the flow signal was monitored for the signs of glottis closure and air leakage. FOT was performed during spontaneous tidal breathing. During data acquisition, pressure and flow traces were graphically displayed in real time. The measurements began automatically after two consecutive stable respirations; for this instrument, two consecutive and consistent respiratory signals that measure a coherence of 0.7 or higher were required for the initiation of the measurements. In addition, the operator evaluated the graphical measurement of respiratory resistance in real time during the examination. If the operator observed an apparent irregularity in the signal images, the subject was re-examined until a successful examination was achieved. Measurements were accepted when the tracings showed uninterrupted breathing during data acquisition. Measurements were rejected if disturbed by coughing, breath holding, swallowing or vocalization. The measurements were considered acceptable only when the time segment chosen for analysis lasted for at least 20 seconds. FOT parameters including respiratory resistance at 5 Hz (R5), respiratory resistance at 20 Hz (R20), and respiratory reactance at 5 Hz (X5), area of reactance
Results
A total of 97 participants who met the inclusion criteria were screened, 5 patients were excluded due to the diagnosis of sinusitis, chronic kidney disease, serum total 25(OH)D < 10 ng/ml and FOT could not be performed in 2 patients. Ninety two asthmatic children were recruited: 41 children (44.6%) had total 25(OH)D < 20 ng/ml (VDD) and 51 children had total 25(OH)D ≥ 20 ng/ml (nVDD): 40 children (43.5%) had total 25(OH)D 21-30 ng/ml and 11 children (12%) had total 25(OH)D > 30 ng/ml. Forty one children in VDD group were randomized: 21 children in VDD group with treatment (tVDD), and 20 children in VDD group with placebo (pVDD). Eight patients (15.6%) in nVDD group were dropped out. As a result a total of 84 asthmatic children were analyzed ( Figure  1B) .
Baseline Characteristics of the study participants
The mean (SD) age of the asthmatic patients was 9.99 (3.10) years and 57.1% of patients were male. The mean serum total 25(OH)D was 21.58 ± 6.31 ng/ml. There were no significant differences of age distribution, height, weight, body mass index, aeroallergen sensitization, blood eosinophil count, atopy, dosage of inhaled corticosteroid used and asthma control test score among nVDD, tVDD and pVDD. Baseline FOT parameter values, % predicted of FOT values, and % BDR were no significant differences among groups except for the value of R20. However, post hoc analysis using a Bonferroni correction Data presents as N (%), mean (sd) or median (IQR) *according to GINA guideline 2016, a difference from nVDD group, nVDD = non-vitamin D deficiency, tVDD = vitamin D deficiency with treatment, pVDD = vitamin D deficiency with placebo, AEC = absolute eosinophil count, ACT = asthma control test, P-ACT = pediatric asthma control test, R5 = resistance at 5 Hz, R20 = resistance at 20 Hz, X5 = reactance at 5 Hz, ALX = area of reactance, Fres = resonance frequency and BDR = bronchodilator response applied to the significance criterion showed no significant difference in baseline R20 ( Table 1) .
Comparison of FOT parameters at 1, 3 months among groups
The mean (SD) total serum total 25(OH)D in nVDD, tVDD and pVDD were 25.65 (5.48), 48.26 (14.71) and 17.52 (3.77) ng/ml at 1 month and 25.01 (5.52), 30.05 (9.37) and 19.53 (5.57) ng/ml at 3 month, respectively (Figure 2) . There were no significant differences in FOT parameter values, % predicted and % BDR among groups at 1 month and 3 months ( Table 2) .
Changes in FOT parameters among visits in nVDD, tVDD and pVDD
The decrease of FOT parameters was observed in all groups but the significant changes of R5 and R20 were demonstrated only in nVDD and pVDD groups ( Table 3 ). The percentage
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A randomized double-blind placebo-controlled trial changes of R5 and R20 from baseline values at 1 and 3 months were not significantly different among nVDD, tVDD and pVDD (Figure 3) .
Association of vitamin D status and asthma control
There was no significant difference between nVDD group and VDD group in the level of asthma control and ACT/P-ACT score, aero-allergen sensitization, blood eosinophil and dosage of inhaled corticosteroid. There was no significant correlation between serum total 25 (OH)D level and % predicted of FOT parameter. 
B
Thai children living in urban area. 16 The association of vitamin D and asthma have been reported both in children and adults. 17, 18 However, we did not find the association between the level of vitamin D and % predicted of FOT parameters in asthmatic children. The association of vitamin D level and lung function remains inconsistent. A study in Danish adults has shown the association of low level of vitamin D and lower % predicted FEV1 in the cross-sectional study but patients with higher serum vitamin D at baseline have shown to have more adverse change in % predicted FEV1 in 5 years later. 19 In contrast, Norwegian adults with asthma who had vitamin D deficiency at baseline was shown to have more decline in lung function measured by spirometry at 11 years later. 20 A recent cross sectional study have shown the association of FEV1 and vitamin D deficiency only in obese asthmatic children but not in asthmatic children with normal weight. 21 However, in subgroup
Discussion
We have shown that vitamin D deficiency is common in Thai asthmatic children. Almost half of children with controlled asthma in the current study have vitamin D deficiency which is similar to the prevalence of vitamin D deficiency in Asian Pac J Allergy Immunol DOI 10.12932/AP-010519-0553 analysis comparing between enrolled children with normal weight and obese, no significant differences in FOT parameters were observed in the current study (data not shown).
The current study have found that vitamin D treatment in controlled asthmatic children who had vitamin D deficiency had no effect on FOT parameters over the 3 month-study period. Children in nVDD group showed a statistically improvement in R5, R20 and X5 after enrollment in the study but the changes in the FOT values may not have an impact on clinical outcome. Since the day-to-day variability of FOT values were reported to be 10-11% 22 and all of the changes in FOT values between visits are within 10-11%. However, there was no statistically significant changes in tVDD. A previous study demonstrated that asthmatic patients with low serum vitamin D level had reduce glucocorticoid response. 2 Asthmatic children who had vitamin D deficiency had lowest improvement of FEV1 after treatment with inhaled corticosteroid when compared to asthmatic children with non-vitamin D deficiency. 1 Our enrolled children who had vitamin D deficiency may have a reduced response to inhaled corticosteroid resulting in no improvement of FOT parameters over time compared to non-vitamin D deficiency group. However, children in VDD with vitamin D treatment group gained their non-vitamin D deficiency status after vitamin D treatment, but there were no significant improvements in FOT parameters at 1 month or 3 months following treatment. We speculate that vitamin D deficiency may have a detrimental effect on lung function longer than 3 months after gaining the status of non-vitamin D deficiency. Low serum vitamin D at birth 23 or low maternal vitamin D 24 have been shown to associate with higher airway resistance at the age of 6. A recent study in Japanese asthmatic children who received vitamin D supplementation for 2 months have shown the improvement in level of asthma control, peak expiratory flow at 6 months. Nevertheless, some of these Japanese asthmatic children were non-vitamin D deficiency , their mean serum vitamin D levels were 28.5 ng/ml in the intervention group and 29 ng/ml in the control group. 5 However, a recent study was shown that vitamin D supplementation for 6 months in adult asthma who had vitamin D insufficiency did not reduce the rate of asthma treatment failure or exacerbation and had no significant effects on lung function. 25 The discrepant findings for vitamin D and lung function may be explained by the differences in age, race/ ethnicity, number of participants, and the status of vitamin D before enrollment. The strengths of our study are 1) all randomized patients were naive vitamin D deficient patients 2) having non-vitamin D deficient patients as a control group for the variable changes of FOT parameters over time. The limitations of the study are 1) relative small number of the enrolled children 2) 3 months follow up time may be too short to demonstrate the effect of vitamin D on lung function in previously untreated vitamin D deficient patients. However, a randomized clinical trial for vitamin D treatment for 28 weeks in adult asthma with low vitamin D showed no reduction in asthma exacerbation or improvement of lung functions. 25 In conclusions, vitamin D treatment in asthmatic children who had vitamin D deficiency may have no short term beneficial effect on pulmonary function assessed by FOT. Recommendation for vitamin D supplementation in asthmatic patient
